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Abstract 
When a problem occurs on the road, traffic can become a real nightmare. Even with current resources and technologies, 
it’s very difficult to track down every road problem, such as car accidents, ice or work on the road, natural obstructions 
and many others. Route Social Network (RSN) was developed with one main objective: let drivers be aware of those 
problems in time, helping them avoid traffic jams and other unpleasant situations. To achieve these goals, only a 
smartphone with GPS and Internet/3G access was deemed required. The Android platform was chosen as the initial target 
of this application, because it has the majority of the smartphones’ market-share. This fact is relevant because the amount 
of information that flows through the system is related to the number of users that use the system. In fact, RSN depends on 
crowdsourcing, since drivers have an active role in this system: they can and are encouraged to add problems to the map, 
comment about existing issues and report solved situations, triggering a social network effect. Preliminary results with 
real users were very encouraging and confirmed that the more users are connected, better is the flow of information. 
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1. Introduction  
A bus going to school, a taxi heading to a hotel, a truck delivering needed goods, an ambulance rushing to 
the hospital or one motorcycle just passing by. What do these situations have in common? Transportation is 
the answer. Everyday millions of vehicles travel from one location to another, for as many reasons as one can 
think of. Being as skilled as one may be at driving, there are always driving mistakes, which will lead into 
accidents. One single error may lead to disaster and every year many lives are lost in traffic accidents. It is no 
light matter, and many efforts are made to decrease these accidents, from the vehicle code book and laws 
supporting it, to police officers, who actually try to make sure the law is followed. 
Despite all these efforts, there are many factors that greatly increase the likelihood of having an accident. 
Gravel or ice on the road floor, a fallen tree on the way, rockslides, fog or even an already existing accident 
are among the most common causes leading to a new accident. Besides the damage that comes from the 
accident itself, traffic flow is also seriously affected by such occurrences, generating those infinite traffic jams 
that we really want to avoid by all means. 
The problem is that most of these factors are almost random, thus very difficult to predict, even with all 
current resources and technologies. The best way to fight these problems is to report them to the right 
authorities, so they can be solved as soon as possible. To report existing problems, people can use emergency 
numbers like 112 in Europe and 911 in North America or any number belonging to authorities such as police, 
fire departments or civil protection. It is one way to approach problem reporting, but it sure has its flaws. For 
instance, phone calling to report one accident is accepted because the harm is already done, but reporting bad 
visibility or slow traffic to the authorities would be pointless. Nonetheless, from the driver point of view, 
having access to such information can be very important. 
The proposed Route Social Network (RSN) was created to allow drivers to report all road problems that 
might be a nuisance to other drivers, creating a social network effect based on problem reporting. 
Crowdsourcing enables a better road travelling experience, based on knowledge from the road ahead. Drivers 
are encouraged to participate by reporting issues or by commenting already flagged problems. Drivers can 
also report that one problem no longer persists. The purpose of RSN consists in letting drivers know what lies 
ahead in the road. Using Global Positioning System (GPS) to track the driver’s position, bearing and travelling 
speed, the application pre-emptively warns the user about surrounding problems. Using text-to-speech 
technology, RSN allows the driver to decide whether to continue on the same route and face the problem or 
switch to an alternative path, therefore saving a lot of time and headaches from being stuck in a traffic jam or 
risking having an accident 
Crowdsourcing may be combined with an artificial intelligence and context aware system that enhances 
functionalities. 
The rest of the paper is organized as follows: in the next section, an overview on current road problem 
reporting solutions is presented. In Section 3, the proposed approach is described and in Section 4 
implementation and tests are presented. The paper ends with the main conclusions and some insights on future 
work. 
2. Related Work 
Phone calls are the main method used to report road problems. While some phone calls target authorities, 
other phone calls target other kind of entities, such as radio stations. This is explained by the fact that many 
radio stations deliver traffic related information to drivers several times a day. Since many drivers listen to 
radio, it is one great way to report something wrong, because it will spread amongst drivers quickly. There are 
several inconveniences with such method of problem reporting. Firstly the time between traffic information 
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and broadcasting, since radio stations usually have fixed schedules for broadcasting traffic information and 
either the driver listens to it on that specific time or s/he risks not being aware of road problems. Secondly the 
kind of information that is broadcasted is somewhat fixed. Accidents and obstacles are usually reported, but 
other “minor” problems that might be relevant, such as bad visibility and ice on the floor are not. Finally, 
location of issues is difficult to ascertain. Hence, it would be extremely helpful to find another way to grant 
problem reporting to drivers, one that is as close as possible to real time information.  
The traditional GPS navigation system gained popularity due to its ability to allow drivers to navigate from 
one location to another without previously knowing any details about routes that they would take to perform 
such trip. All systems evolve, and GPS was no exception. It’s only natural that GPS would be incorporated in 
many vehicles to aid drivers with location based-services. Nowadays, such services include the capacity to 
find Points of Interest (POI) near a driver’s location (e.g. restaurants, hotels, touristic spots and pharmacies), 
detect police radar systems, among other popular location-based features. One of those popular features is the 
ability to inform the user of traffic conditions. Some services that already allow fetching of this type of 
information are Google Traffic [1], TomTom HD Traffic [2] and “Portal Tráfego” [3]. Although these 
systems offer correct information, they are limited to large population areas or large amounts of information 
to be taken into consideration. The main problem with “Portal Tráfego” is the very limited amount of 
information available. One limitation of proprietary systems, like the one from TomTom is that the user must 
pay the right to have access to the information that he wants. TomTom services also only run on their 
proprietary hardware, so it brings extra costs to the driver. One path that these systems will take is now 
emerging with the popularity of social communities. One example is Waze [4], an Android application that 
consists, in their words, in a “Driver generated live maps and real time road information” system. This system 
allows the users to share road related information, but one limitation of this system is the fact that it is specific 
to certain types of road problems. While testing Waze, other problems were found, like a poor usability, 
confusing interface and it is very slow on older devices. 
3. Related Work 
3.1. Introduction 
Based on the previous mentioned approaches we reached the conclusion that one way to have access to 
meaningful information is to allow the users to share it. Based on this proposition we devised a driver social 
network community based on GPS tracking system, extending it by adding more features to enhance user 
experience. This extension enables the user to share problems that s/he detects, but more importantly, due to 
the power of crowdsourcing social network effects, the proposed solution can provide coherent and real time 
information about road conditions. This information is useful for the drivers, but may also be significant to 
civil protection authorities. This allows the respective authorities to have real time knowledge about road 
related problems and enables them to act and respond on a factual and priority basis (e.g., enforce a zone that 
is expected to have road accidents). 
3.2. Architecture 
As depicted in Fig. 1(a), this solution consists of a mobile application for the driver and a web application 
as a back office for the respective authorities. All information that flows through the system is centralised on a 
web server, which architecture is shown below in Fig. 1(b). 
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Fig. 1. (a) High level system overview; (b) Server Architecture 
Authorities have access to the problems and corresponding information (back office) but, in order to enable 
privacy of the users, all information related to the social community component of the system is not available 
to the authorities. This information may only be made available to them if there is a reason for that to occur, 
e.g. a warrant is issued to have detailed access to some reported problem. For obvious reasons, an Internet 
connection is mandatory to communicate between different components of the system. The web server 
handles all centralised information, such as user creation and management or problem handling. It is also used 
to perform some heavy computation tasks that might be stressful to mobile clients if they were computed 
locally, due to their battery life constraint. Therefore, all work that can be spared from clients, the more 
battery power is saved. One example of computation that is stressful to a mobile device is the calculation of 
road problems that are near a route. This kind of computation can’t be perfect, because if two roads cross each 
other, or if two roads are parallel and close to one another, there may not be enough information to calculate 
the correct location of the problem. In order to surpass this issue, the distance between every point in a route 
is calculated and used to form a circle around a route point. When deciding if one issue is within range of that 
route, it is only required that it has less distance to one route point than its circumference radius. This process 
is iterative to all points on a route, and is depicted in Fig. 2. 
Fig. 2. Calculate issues on a route 
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The solution used by the drivers was built upon the Android platform and allows account creation and 
login into the community server. After login, the user is now a full member of the community and is able to 
access road/route information as well as share new information, be it by posting problems that s/he might find 
and that are not in the system, by commenting about existing problems or (at last but not least) by reporting 
that one specific road problem is no longer valid, e.g. an obstruction was removed, thus helping to keep the 
community generated knowledge updated with the latest information and keeping the system from 
maintaining non-meaningful information, such as outdated problems. As illustrated on Fig. 3, the mobile 
solution follows the Model View Controller (MVC) pattern, where there is a clear separation between User 
Interface (View), Controller and Model (Data). 
Fig. 3. Mobile architecture 
3.3. Context awareness 
This solution aims to target as many people as possible. For this reason it must adapt to a variety of 
situations, providing different information to drivers based on several different scenarios. There are some 
contexts that are relevant to the proposed solution, namely location, weather conditions, time of day or day of 
the week. 
Location plays a preponderant role. For instance, it allows pre-emptive warning of the user about what 
problems lie ahead. A good way to warn the driver is via text-to-speech technology, so it will not require the 
driver to stop driving and look at the smartphone. Location awareness may provide the best way travel to the 
destination, re-calculating the route necessary to do so if the user for any reason leaves pre-chosen route. This 
newly calculated route might be optimized based on user profile, giving preference to criteria such as 
quickness, distance or problem avoiding. 
Weather conditions may greatly alter road safety conditions at any given time. Many streets, roads or 
places which are usually labelled as “safe” or “normal” can become quite dangerous under the occurrence of 
certain weather conditions. These possibly dangerous forecasts may include conditions like rain, fog, snow, 
ice, and wind. To illustrate these statements, a certain road, which is usually safe, may become dangerous 
when temperature is below -10o because it often gets frozen in those conditions. If this context is handled 
properly, the proposed solution will automatically label this road as dangerous if temperature drops below that 
limit and vice-versa.  
Time of day or day of the week may, as well as weather forecasts, be of importance to the proposed 
system. During the night one road may be dangerous due to bad visibility. On the other hand, the night might 
be a better time to drive trough other roads, because of much less traffic at night than during the day. Certain 
periods of day, like morning, afternoon, sunset, etc can generate timed issues. Issues like morning fog, too 
much light at sunset and ice during night in winter season, traffic jams and other timed specific problems. If 
the solution is aware of time of day, may automatically handle those timed issues in form of warnings (for the 
reason that despite being expected the happening of those issues, they might just not occur). 
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4. Implementation 
In this section we detail the deployed implementation, including both client and server applications. 
4.1. Server Application 
The server application consists of a web service, which is the gathering point of all social community. It 
serves both storage and processing functionalities.
1. Used technologies:  The webservice was developed on top of an Apache server using a REST approach. 
PHP (Hypertext PreProcessor) open source language was used due to the great support from the community, 
including plenty of tutorials and documentation. Specifically we have used an available framework: 
CodeIgniter [5] that fulfilled the requirements: it is lightweight, easy to configure, has many library 
extensions (one of them enables rapid RESTful webservice development). As peer storage choice, all relevant 
data was stored in a MySQL database.  
2. Implementing the webservice: Regarding the output information there were two possibilities: JavaScript 
Object Notation (JSON) and eXtensible Markup Language (XML), both supported by the used CodeIgniter 
library, REST_Controlle. We opted to use XML but the server still supports output in other formats. 
The other aspect of developing a web service is how the client communicates with the service. We opted to 
use both HTTP GET and POST methods. GET was used when querying the service or accessing resources 
and POST when insertion was in order. 
The service handles mainly user, route and problem management. When it comes to users, it allows user 
creation and login, saving client password in a secure non human-readable way. Route handling involves 
using the Google Maps Web API to fetch route information between a number of coordinate points. This 
webservice response is returned in the form of KML [6]. Problem handling involves problem creation (when 
drivers report a problem that does not exist in the system already) and flagging the problem as no longer 
active (when problem is solved). Problems are not deleted from database but kept, enabling later use to 
perform statistic operations.  
4.2. Client Application 
The client application was developed based on the proposed solution, consisting of an Android application. 
Android smartphones have been conquering more and more market share and currently hold more market 
share than their following competitors, such as Apple’s iOS, RIM’s BlackBerry OS or Microsoft’s Windows 
Phone 7.  
Having decided to develop the application for the Android platform, it was needed to decide the minimum 
supported Android version. Android 2.2 (Froyo) was thought to be the best choice, in terms of API changes. 
For instance, the possibility to install applications in the external storage is one great feature that didn’t exist 
in previous versions. After visiting the developer resources, some important statistics were fetched to help 
formulating a decision [7]; 
1. Used technologies: Android development is performed with Java coding language while using XML to 
generate parts of the User Interface (UI). In order to implement a social application there are some key 
Android components, which are mandatory to its development. They are the MapView and LocationManager 
as well as graphical components. A well-formed connection structure is also needed to communicate with the 
server, diminishing the effort to implement those connections. 
553 Joel Fernandes et al. /  Procedia Technology  5 ( 2012 )  547 – 555 
2. Display challenges: The core functionality of RSN consists in problem reporting. Therefore, it is 
important to the user to correctly be able to do so. Some users like to be able to interact with one map, 
obtaining visual location feedback that is correctly scaled, viewing problems where they may be and so on. 
On the other hand, other users dislike the map approach, or at least, they do not want to be forced to use such 
approach. With both kinds of users in mind, a hybrid solution was implemented. After logging in to the 
application, one Activity is shown, with the non-map approach (Fig. 4). 
Fig. 4. Non-map GUI Approach 
May the user want to use the map approach, all s/he has to do is to click on button. All information that 
was loaded or correctly configured (such as problems fetched from server or route configuration) is carried to 
the map, simplifying the user’s effort and avoiding redundant work. In Fig. 5 the map GUI approach is 
illustrated. These aspects are important and necessary but it is also important that the application does not 
show visible slowdowns in performance, to achieve this, even when there are millions of problems to display, 
only the problems that can be presented on the device screen will be displayed [8]. 
Fig. 5. (a) Map with indications; (b) Fetching problems for the user route 
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5. Tests and Results 
To verify the usability of the implemented application we wrote a script describing the typical usage to 
conduct Krug’s [9] informal evaluation. The test script was developed in order to simulate some of the main 
use cases of the system. The features that were tested are: account creation (Test 1), log in to the application 
(Test 2), create a route without waypoints, besides the origin and the destination (the origin should be the 
tester actual location although it was not mandatory) (Test 3), add a road issue (Test 4), comment an existing 
road issue (Test 5), report a road problem as resolved (Test 6) and add a new road condition to the system 
(Test 7).  
This script was presented to eight individuals (five male and three female) whose ages ranged from twenty 
one to twenty two years old [10]. All testers were students in higher education. We opted to choose testers 
that were not enrolled on computer science courses in order to present the system to regular users that do not 
have a deep understanding of the underlying technological concepts. 
Testers followed the script individually with the help of one of the team members. All tests were 
performed on a Samsung Galaxy S which had all the necessary resources, Internet access and GPS, 
configured. 
The test script was executed on two different occasions.  The first was after development, and the second 
was after solving the issues uncovered during the first test phase. The majority of the testers on the second 
occasion belonged to the same group that initially tested the application. For each tester that hadn’t used and 
Android phone before we demonstrated some applications that are usually bundled such as the default 
browser and gallery. 
There were some issues that were uncovered during the first test phase, such as the application would crash 
if there was a space on the username, the address of a problem was being presented as a date, after adding a 
problem on map view the progress dialog would not disappear. Some of the testers were able to openly 
discuss the features that they would like to use in the application. On the non-map approach the testers asked 
for being able to mark a problem as solved and have the opportunity to sort the issues. Sorting could be 
achieved by issue type or distance to either the origin or the destination of a route. On the map approach the 
testers suggested that it should be possible to hide all the issues that do not belong to a route. 
During the second test phase the majority of the testers were more comfortable with the application and the 
operating system. As such the majority was able to demonstrate increased performance while using the 
application. Most of the tester also observed that the application while used in map mode was much more 
responsive since the first time that they used it. Some of the suggestions that the testers gave during this test 
phase was that while using the application notifications should appear when the user is approaching a road 
issue and that there should exist an option to textually search for a particular road problem.  As this system 
was developed and tested some key features, that would enhance the user experience and also the social 
component of this system, were uncovered. One of the main adversities discovered while testing the 
application was the unfamiliarity with the Android platform by most of the users. Besides this there was some 
difficulty to use the map, which was the main reason for the times of using the app being so high. One user 
interface element that was suggested by one user was something to allow him to search textually for a location 
on the map. 
6. Conclusions and Future Work 
This paper presents a solution, Route Social Network (RSN) that constitutes a platform for reporting road 
problems, allowing drivers to act in a community in a crowdsourcing social network, where synergies 
between different persons can be achieved.  
555 Joel Fernandes et al. /  Procedia Technology  5 ( 2012 )  547 – 555 
One of the main achievements is in fact the coordination that the system does not require. As in other 
social networks RSN intends to flow with users deployed information. Using only the smartphone and a GPS 
sensor drivers are able to provide and receive valuable information regarding route status. 
Having the proof of concept fulfilled, several different paths can be pursue. Among them we highlight: 
turn by turn audio navigation and a web based back office to allow civil protection authorities to have access 
and control the problems that are reported by the users.  
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